o
OPEN a ACCESS Universitit Augsburg
OPUS AUGSBURG w h Universititsbibliothek

RKKY-like spin correlations in LiV204

Alexander Krimmel, Alois Loidl, A. P. Murani, J. R. Stewart, A.
Ibarra-Palos, P. Strobel

Angaben zur Veroffentlichung / Publication details:

Krimmel, Alexander, Alois Loidl, A. P. Murani, J. R. Stewart, A. Ibarra-Palos, and P.
Strobel. 2003. “RKKY-like spin correlations in LiV204.” Acta Physica Polonica B
34 (2): 625-28.
http://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=34&page=625.

Nutzungsbedingungen / Terms of use: CCBY 4.0

Dieses Dokument wird unter folgenden Bedingungen zur Verfiigung gestellt: / This document is made available under

these conditions: @
CC-BY 4.0: Creative Commons: Namensnennung o

Weitere Informationen finden Sie unter: / For more information see:
https://creativecommons.org/licenses/by/4.0/deed.de


http://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=34&page=625
https://creativecommons.org/licenses/by/4.0/deed.de

Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2

RKKY-LIKE SPIN CORRELATIONS IN LiV,0,*
A. KRIMMEL, A. LoIDL

Institut fiir Physik, Universitdt Augsburg, 86159 Augsburg, Germany

A.P. MURANI, J.R. STEWART

Institute Laue Langevin, BP 156 X, 38042 Grenoble Cedex 9, France

A. IBARRA-PALOS AND P. STROBEL

Laboratoire de Cristallographie, CNRS
BP 166 X, 38042 Grenoble Cedex 9, France

(Received July 10, 2002)

We report on full 3-directional neutron polarization analysis studies
of the magnetic correlations in LiV,04. The data show the evolution of
anti-ferromagnetic spin fluctuations at low temperatures (T' < 40K) with
a characteristic wave vector of Q = 0.7 A=!. The measured magnetic cross
section reveals a temperature induced cross-over from predominantly ferro-
magnetic (T' > 40K) to RKKY-like (anti-ferromagnetic + ferromagnetic)
spin correlations (T' < 40K), as evidenced by reverse Monte Carlo simu-
lations. These results are in agreement with the results of the magnetic
relaxation rate on LiV5QOy.

PACS numbers: 71.27.+a, 78.70.Nx, 71.30.+h

1. Introduction

LiV50y4 is a narrow band transition-metal oxide that crystallizes in the
cubic spinel-type structure [1] with the vanadium ions formally in a non-
integral valence state V*3-5. Due to the inherent geometrical frustration of
the spinel structure magnetic order can easily be suppressed and indeed no
sign of magnetic order could be observed for T'> 0.02 K [2,3|. Based on
the results of specific heat, susceptibility and NMR measurements, Kondo
et al., proposed LiVoO4 to be the first example of a d-metal compound
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exhibiting heavy-fermion behavior [2]. Recent transport and specific heat
measurements on single crystalline LiVsOy4 revealed the formation of a heavy
mass Fermi liquid below a characteristic temperature 7% = 20-30K [4].

"Li NMR results, similar to those presented by Kondo et al., [2] were
published by Fujiwara et al., [5] but were interpreted in terms of spin fluctu-
ations of a weak ferromagnetic metal. Quasi-elastic neutron scattering ex-
periments showed a dramatic change of the magnetic response of LiVoOy as
a function of temperature [6]: at elevated temperatures T' > 40 K, the quasi-
elastic line width and energy integrated cross section reveal a ()-dependence
as expected for spin fluctuations of a weak ferromagnetic metal. Below
T < 40K additional anti-ferromagnetic correlations evolve as reflected in
a pronounced intensity maximum and a corresponding line width minimum
around @ = 0.7A~1. Here we report on a study of the diffuse magnetic
scattering of LiVoO4 employing polarized neutrons.

2. Experimental results and discussion

The diffuse scattering of well characterized polycrystalline samples of
LiV504 has been studied by full 3-directional polarization analysis on the
spectrometer D7 at the Institute Laue Langevin (ILL), Grenoble. The raw
data have been corrected for background, detector efficiency and incom-
plete polarization. The results of these measurements are summarized in
Fig. 1. On the left-hand side of Fig. 1, the magnetic scattering cross-section
is plotted as a function of momentum transfer @) that falls off monotonously
upon increasing Q) at elevated temperatures. However, on cooling a pro-
nounced maximum of the scattering intensity evolves around a characteristic
wave vector of Q = 0.7A~'. To extract the corresponding real-space spin
correlations, the magnetic cross-section has been fitted employing reverse
Monte Carlo simulation techniques [7]. The final result of the simulations
is represented by the full lines in the left column of Fig. 1 and agrees ex-
cellently with the measured magnetic cross-sections. On the right-hand side
of Fig. 1 the corresponding real-space magnetic correlations are shown. For
T = 80K and 40 K, only positive values of < SyS7 > are observed, indicative
of ferromagnetic correlations in LiVoQOy4 at elevated temperatures. However,
for T =4K and 10K, the occurrence of negative values of < 5357 > doc-
uments the evolution of additional anti-ferromagnetic correlations. The
R-dependence of the spin correlations at low temperatures has been fitted
according to a RKKY-type magnetic interaction. A characteristic property
of the RKKY-interaction is the oscillatory behavior on distance, thus chang-
ing from ferromagnetic to anti-ferromagnetic coupling. The result of the fit
for T'=4K and 10K is shown as full lines on the right hand side of Fig. 1
and evidently can well describe the spatial variation of the spin correlations.
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Fig.1. Left-hand side: @Q-dependence of the magnetic scattering cross section of
LiV,0y4 for different temperatures. The magnetic scattering cross section is given
in absolute units. The full lines are the result of MC simulations (see text). Right-
hand side: the corresponding real-space spin correlations as a function of the in-
teratomic distance R are shown. At low temperatures, the spin correlations follow
the characteristic RKKY-type relationship, as indicated by the full lines. Slight
changes of S(S + 1) upon temperature are not significant.

It should be noted that the only adjustable parameter on fitting the RKKY-
function is the Fermi wave vector kr which remains practically constant.
This is a further indication for the correctness of the fit. The present re-
sults are in agreement with measurements of the magnetic relaxation rate
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on LiVo04 [6]. We conclude that anti-ferromagnetic spin fluctuations sig-
nificantly contribute to the spectra at low temperatures. By contrast, above
T > 40K, LiV,0Oy4 reveals characteristics of a weak ferromagnetic metal.
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